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HORIZONTAL CHINE FLARE

By Walter J. Kapryan and Irving Weinstein
SUMMARY

In order to extend the range of avallable planing-surface data, the
hydrodynamic characteristics have been obtained for a planing surface
having a basic angle of dead rise of 20° at the keel and horizontal
chine flare. This surface is representative of those used on present-
day flying boats. The wetted lengths, resistances, center-of-pressure
locetions, and drafts were determined at speed coefficients (Froude
numbers) ranging from approximstely 3.0 to 25.0, with the bulk of the
data obtained at Froude numbers in excess of 7.0, Beam loadings were
varied from 0.85 to 87.33. Keel-wetbed-length—beam ratios were extended
to 7.0 in all cases where excessive loads and spray conditions were not
encountered.

The deta obtained indicate that, during high-speed steady-state
planing, the planing characteristics are independent of speed and load
for a given trim and depend,only on 1l1ft coefficient. The difference
between the chine wetted length and keel wetted length is constant for
a given trim angle and the variation of this difference with trim is
shown to be in reasonable agreement with theory. The ratio of center-
of -pressure location forward of the step to the mean wetted length, for
practical applications, can be considered a constant equal to 0.67 up
to 18° of trim. A slight decrease in this ratio occurs with further
increase in trim angle, The draft deta indicate a pile-up of water at
the keel during.steady-state planing. Although negligible at low trims,
this pile-up was significant at trims of 12° and higher. The drag data
show that friction drag at trims of 18° and higher is negligible and
that the resistances for those trims may be assumed equal to the losd
times the tangent of the trim angle.

INTRODUCTION

Present developments in water-based aircraft show an immediate need
for information on the principal planing characteristics of prismatic
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surfaces at higher trims and loads than are covered by the range of
steady-state experimental date now available (refs, 1 to 8). In addi-
tion to this information, the effects of chine flare used on seaplane
hulls to control spray and increase the efficiency of surfaces having
high angles of dead rise need to be studied.

In order to meet this need, a detailed testing program was estab-
lished to include basic angles of dead rise up to 40°, trims up to 300,
wetted-length—beam ratios up to 7.0, and Froude numbers, based on beam,
up to 25.0. The principal planing characteristics to be determined for
appropriste combinations of speed, load, and trim were resistance,
center of pressure, draft, and wetted length. In addition to straight
V-shaped cross sections of fundamental interest, modified sections with
horizontal chine flare and vertical chine strips were in¢luded. The
program was carried out in the Langley tank no. 1. This large facillty
endbled the maximum Froude mumber to be reached with an acceptable size
of model and more extreme combinations of the independent parameters to
be covered than have heretofore been investigated.

In the present paper the apparatus used and procedures developed
for the program are described, and the results obtained for the first
model, & surface having a 20° angle of déad rise arml horizontal chine
flare, are presented. This cross section is representative of that
currently used on the forebodies of flylng boats and mey alsoc be useful
Por more heavily loaded planing elements on unconventional seaplanes.

SYMBOLS
b beam of planing surface, ft
d draft at trailing edge (measured vertically from
undisturbed water level), ft—- o
g acceleration due to gravity, 32.2 ft/sec?
la chine wetted length, ft -
1 keel wetted length, ft R
o + I :
im mean wvetted length, — for this model, ft
ZP center-of-pressure location (measured along keel for-
ward of trailing edge), M £t

J
Acos T+ Rsein T
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M trimming moment about trailing edge of model at keel, ft-lb
A vertical load, 1b
horizontal resistance, 1b
Re Reynolds number
S principal wetted area (bounded by trailing edge, chines,

and heavy spray line) projected on plene parallel to
keel, ipb, sq £t

s horizontal velocity, ft/sec
W specific weight of water, 1b/cu ft
Ca load coefficient or beam loading, A/wb3
Cr resistance coefficient, R/wb3
Cy speed coefficlent or Froude number, V qEE
. A Cc
Crp 1ift coefficient based on beam, -——— =2 —45
2
’ R
CDb drag coefficient based on beam, EFEEEE
CIS 1ift coefficient based on principal wetted ares,
A CIy
L y25 Zm/b
2
CIB drag coefficient based on principal wetted ares,
R _ ‘o
B v25 7-m/b
2 -
B angle of dead rise, deg
p mass density of water, slugs/ft3

T trim (angle between keel and horizontal), deg
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DESCRIPTION OF MODEL

A photograph of the model is shown as figure 1 and .a cross section’
showlng the pertinent dimensioné of-—the model is presented in figure 2.
The model, which is made of brass, has a length of 36 inches, a beam
of 4 inches, and-horizontal chine flare. The flare is & circular arc
tangent to the basic 20° dead-rise section and horizontal at-the chine,
The radius of the arc is such that the angle of desd rise measured from
the chine is 16° and the width of the flare on each side of the keel is
gimilar to that of the length-beam-ratio series of hulls recently inves-
tigated by the National Advisory Committee for Aeronsutics (ref. 9). ’

The planing bottom of the model was machined to & tolerance of
£0.002 inch and polished to a finish corresponding to the finish of the
"A" block in the General Electric Standard Roughness Specimen set. This
finish was maintained throughout testing by dailly polishing. The bottom
was also machined longitudinally straight to a tolerance of—+0.005 inch
and the chines and keel were machined knife-~sharp. The agreement of
subsequent check data with that obtained early in the testing program
indicates that any reduction in sharpness of the keel and chines pro-
duced by daily polishing did not affect the results.

APPARATUS AND PROCEDURES

General

A detailed description of the Langley tank no. 1, the apparatus
for towing the model, and the instrumentation for measuring the 1ift,
drag, and trimming moment is given in reference 10. A diagram of the
model and towing gear is presented in figure 3.

Wetted Length and Ares

The wetted areas were determined from underwater photographs and
from visual readings of-the wetted length where rhotographs were not
available. The apparatus used to obtain the photographs is shown in
figure 4, The camera was located in a watertight-glass-top box sub-
merged in the center of the tank. As the model passed over the camers,
the shutter was actuated by a photocell unit which also flashed three
speed lamps for 1llumination of the model. The presence of the box,
which was 30 inches (7.5 model beams) under the undisturbed water sur-
face, had no measursble effect on the hydrodynamic forces acting on the
planing surfaces. . . ’



NACA TN 2804 : 2

The requirement of a highly polished metal surface precluded the
use of painted or scribed grids on the model for measuring wetted length.
In order to maske this measurement, transparent grids were superposed on
the photographs during the process of enlarging, the grids having pre-
viously been made for each model at various trims and drafts. A typical
underwater photograph with superposed grids is shown as figure 5.

The wetted lengths were arbitrarily measured from the trailing edge
to the intersection of the keel and chines with the heavy spray line as
shown in figure 5. This spray line was essentially straight from keel
to chine throughout the range of the tests, and the mean wetted length
was therefore the average of the keel and chine wetted lengths. The
principal wetted area, analogous to wing aree in serodynamics, was then
taken as the area aft of the spray line projected in & plane parallel
to the keel or the mean wetted length times the beam., The area wet by
light spray forward of the spray line was not included in the principal
wetted area since it is assumed that this ares does not contribute
appreciably to the 1ift force and should not be included.in the funda-
mentael 1ift coefficient C1g.

Draft

The visuel draft readings, which were obtained by the method’
described in reference 10, were referred to the undisturbed water sur-
face., Corrections to these reasdings were necessary because of the
influence of the pressure distribution around the towing carrisge on
the water level under the carriage and because of a surge or long wave
which 1s set up in the tank durlng operstion. The position of the
actual water surface relative to the towing carriasge {undisturbed water
surface) was recorded by a cepacity-bridge water-level recorder. This
instrument, shown in figure 6, consisted of: (1) A Wheatstone bridge
pick-up unit, (2) a 5000-cycle-per-second carrier amplifier, (3) a
5000-cycle-per-second oscillator, (4) a power supply, and (5) a recorder.
One leg of the bridge consisted of a metal plate and the water surface.
The other legs contalned condensers. A verlation of the dlstance between
the plate and the water surface unbalanced the bridge and caused flow of
current. This current was amplified, demodulated, and fed into the
recording galvanometer.

A careful survey of the water surface indicated no epprecisble gra-
dient in height in the vicinity of the test area.
Aerodynemic Tares

The serodynamic forces on the model and towing gate were held to
a minimum by the use of & windscreen housing the test section of the
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towing carriage as shown in figure 7. The windscreen, which was con-
structed of—%i-inch plywood, had vertical sides and was V-shaped in

front. A horizontal 1lip of %-—inch—thick aluminum, 12 inches wide, was

installed flush with the bottom of the main V and projected forward.
This 1ip helped minimize the water-surface disturbances. A clearance
of 1 inch between the bottom of the screen st the V and the water sur-
face was maintalned during testing.

The lengthy extension of the windscreen aft of the model was used
to prevent spray from striking the towing carriege, This extension of—:
the windscreen was 9 inches above the water to provide clearance above
the tank structure when the towing carriage was in the trimming basin.

runs at various speeds with the model barely clearing the surface of.
the water. The tare for resistance amounted to only 0.3 pound at a
speed of 82 feet per second. The proper tare was deducted from the drag
measurements to obtaln the hydrodynamic resistances. The tares for load
and moment were found to be negligible, '

Precision-®

The quantities measured are generally believed to be accurste within
the following limits: '

Load, lb e s e e 8 -- @ e o & o & o S e & 0 4 o e o6 o P o6 & o o o io.ls
Resistance, 1D % ¢ o o 4 ¢ o o o o o o o 2 6 o o o o o o o o o s o 0,15
Trimming mmenth,_ ft-1b @ & & @ 6 6 o o ¢ P 6 6 o & 6 6 ¢ o e e s @ :1:0.50
Wetted length, in. e 4 6 o e 6 s 6 s s s o s s 6 s e 6 s o s o » x0.25
Drafty, Ine 4 o o 4 6 4 4 4 o o o o 4 o o s e s s e s s e s s e . 20,05
Trim, @88 + & o o o 6 4 o o o 5 o ¢ o ¢ o o o o o o o s s« + « « £0.10
Speed, £/88C & v v 4 b i bt e e e e e e e e e e e e e e e e . . 20,20

TEST PROGRAM

The basic schedule of points for which the data were obtalned is
shown in figure 8. The schedule was bounded by the maximum load limit
of the apparatus, the maximum speed of the towing cerriage, and the

curve representing the maximum value of 0.5 of the parameter qCA/CV.
Combinations of load and speed within the bounderies were selected to

correspond to approximately equal increments of JCA/CV and to determine
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variations of the guantities measured with speed at the arbitrary values
of constant load shown.

The measurements were made at trims of 20, 4O, 69, 120, 18°, 240,
end 30°. At each trim, the basic schedule was followed up to loads
where the keel-wetted-length—beam ratio exceeded 7.0 or the salt spray
became too extensive for proper maintenance of the apparatus.

Supplementery combinetions of speed and load were used at low trims
to determine the inception of clean planing and elsewhere as required to
define variations of the measurements with speed, load, and trim.

RESULTS AND DISCUSSION

Tabular Data

The experimental data obtained for all conditions where the chines
were wetted are presented in tables I and II. The corresponding data
for the dry-chine condition have been omitted, since in this condition
the preclsion of measurement beceme merginal for the size of model used.

In these tables, the load, resistance, speed, wetted lengths, draft,
and center of pressure are expressed as conventional nondimensional
hydrodynemic coefficients based on beam. The 1ift and drag coefficients
are expressed both in terms of the square of the beam and the principal
wetted area., Both forms are included because the former has been used
universally in the literature on plening and the latter is analogous to
the fundemental coefficients of aerodynemic 1ifting elements.

Analysis

During plening, where forces due to buoyancy are negligible, the
dynamic planing characteristics would be expected to be primarily fune-
tions of 1lift coefficient and trim. The data in table I, therefore,
were plotted egeinst CLlb with trim as a parameter.

In general, the experimental date when plotted against Cry group
along a single curve for each trim. This "collepsing" indicates the inde-
pendence of the data from speed and eliminates, for engineering purposes,
the necessity of interpolating for load. Because of the simple relation

2
between CLb and CIS when the chines are wetted (7? Cig = CLb), corre-

sponding curves of collspsed data against CIS mey be easlily constructed
when the use of the more fundamental 1ift coefficient 1s prefereble,
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The data presented in table II were obtained in the speed range
where 1ift coefficient is not the governlng parameter and, therefore,
the data will not fit the collapsed curves, A detailed discussion of -
this data appears subsequently in this paper in the section entitled
"Buoyancy."

Wetted length.- The variation of the mean-wetted-length—bean
ratio Zm,b with CLb is shown in figure 9. For a given value,

of CLb, the mean-wetted length—beam ratio increased wilth decrease

in trim and at low trims the wetted length increased rapidly with a
small increase in Cry.

The relation between the chine-wetted-length—beam ratio Zc/b

end the keel-wetted-length—beam ratio 1, [b is shown in figure 10.
The difference between the chine wetted length and the keel wetted
length was constant for a given trim until the dry-chine condition was
reached. By definition, & simliler variation necessarily holds for the
relation between the mean wetted length and the keel wetted length.

- The variation of the difference between the chine and keel wetted
lengths with trim is shown 1n figure 11l. The variation predicted Dby
the two-dimensional theory of Wagner, as applied in reference T, 18 also
shown. A mean dead-rise angle of 18° was assumed to account for the .
reduction in the angle of dead rise caused by horizontal chine flare,
The experimental curve is in reasonable agreement with the theoretical
curve, although 1ts absolute values fall somewhat below those of the ’
theoretical curve.

Center of pressure.~ The center-of-pressure location lp is-

defined as the distance from the trailing edge to the intersection of
the resultant hydrodynamic force vector with the keél of the model.
A plot -of center-of-pressure location in beams lp/b against CLb is

presented in figure 12. Since for a given trim all the data for dif-
ferent loads and speeds form & single curve against CLb’ it follows

that, for a given trim and 1ift coefficient, ZP/b' is, for practical
considerations, independent of speed and load. )

Figure. 13 presents plots of Zp/b against~ 1 /b for each of the

trim angles. The ratio of the center- of—pressure location to the mean
wetted length appears to be almost constant for trims up to 18°, For
practical applications, this ratio zp/zm cen be consldered equal to

0.67 for trims of 18° or less and independent of the trim or the mean-

wetted-length—beam ratio. Thils ratio decreased at the higher trims ..
and became 0.55 at a trim of 30°,
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Draft.- A plot of d/b against Cr, 1s presented in figure 1k,
The veriation of d/b with cLb follows & pattern similar to that

evidenced in the variation of Zm/'b and Zp/b with Cry (figs. 9
and 12, respectively). In figure 15, the drafts, expressed as a func-

1
tion of the beam, are plotted against ?k sin T and compared with

those computed from the keel wetted lengths where

s

Ly
(—) = —-= sin T
b/computed b

The computed curves give the draft relative to a keel wetted length cor-
responding to an intersection of the model with the water surface as
defined in figure 5. If the vertical position of the water surface at
the point where the keel. intersects the water surface did not change,

the computed drafts would be expected to match the actual draft readings.
The draft data, however, fall below these computed curves, particularly
at trims sbove 12°; this result suggests a pile-up of water at the keel.
The extent of the pile-up is indicated in figure 16, where the pile-up
in beams is plotted against trim.

Buoyancy.- Some of the light-load and low-speed conditions at the
lower trims were strongly influenced by buoyancy. For these conditions,
CLb is no longer the governing parameter. In order to define the

limitations of the plots against CLb, therefore, drafts were measured

at low speeds to the point where the sides of the model above the chines
were wetted or to the point where the spray envelope fell back on the
deck of the model, whichever occurred first. These data are presented
in figure 17 as & plot of d/b against CI%- The data obtained at the

low speeds are seen to depsrt from the curves of collapsed data of fig-
ure 1% (represented by the solid lines in fig. 17) in a systematic pat-
tern, with load &s parameter. In every case, this departure occurred
before the sides of the model were wetted. A cross plot of these
curves (fig. 18) esteblishes a minimum load below which the data, at &
given CLb’ appear to depart from the curves of collepsed data. The

area below each trim curve represents data that will be most influenced
by buoyancy and will not lie on the curves of collapsed data; for
example, at a trim angle of 6°, the lightest beam loading that will
8t11l lie on the curve of collapsed data at a CLb of 0.15 is 3,05.

This tendency to depart from the curves of collapsed data was
noted at low trims for all the quentities measured and was taken into
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account-in fairing the data. At trims above 12°, combinations of load
and speed where buoyancy effects were apprecisble were not reached
within the limits of the test programn,

Resistance.- The drag coefficients from table I are plotted against
1ift coefficient in figure 19. On this basis, the data for the various
speeds and loads collapse into a single curve for each trim and the
curves at the higher trims gre straight-lines. throtlgh the origin.

The total drag of a prismatic planing surface is made up of the
horizontal components of the normal force or induced drag and the fric-
tion force. The induced drag caoefficient for the clean-planing condi-
tion at each trim is represented in figure 19 by & dashed line with a
slope equal to the tangent of the trim sngle. The difference between
the total and induced drag coefficients 1s the friction drag coefficient.
At low trims the friction drag is seen to be a large part of the total,
whereas, &t trims of 18° and over, it is negligible. The friction drag
is, of course, & function of the effective Reynolds number, the rough-
ness of the model, and the extent of laminar flow in the boundary layer.
The latter effect for & smooth model may be examined by & comparison
of the skin-frictlon drag coefficients deduced from the drag data and
the well-established coefficients for smooth flat plates.’

In calculating the skin-friction drag coefficients from the test
data, the faired values of drag coefficient of figure 19 and the faired
values of mean-wetted-length—beam ratio from figure 9 were used *o
improve the precision. The skin-friction drag coefficient Cr was

assumed to be

Cp = F

p 2

5 StV
where
F friction force parallel to keel, Rcos T - A sin T, 1b
Sg - actual wetted area aft of—the stagnatlon line or

approximetely S/cos B

Vi mean speed over the surface -

Thes mean speed was assumed to be that given by Bernoulli's theorem for
a surface streamline, with a uniform asverage pressure on the model

essumed equal to

S cos T



NACA TN 2804 : 11

Thus,

Vg2 = V2 - 2g A
wS cos T

CLb

vafp - — 2
cos T Zm/b

For small trims, cos T may be taken equal to 1 and

- C tan T
Ceg = cos B CDb o (1)

The Reynolds number for the planing surfece was assumed to be
lem/v vhere v is the kinemstic viscosity.

The results of the calculetions for trims at which the friction
is appreciable are plotted in figure 20 together with the Schoenherr
line (ref. 11) for fully turbulent boundary layer and the Blaslus line
for laminar flow on flat plates. The coefficlents for the model lie
close to the Schoenherr line at the higher Reynolds numbers, an indi-
cation of largely turbulent boundary layers, and generally lie between
the lines &t the lower Reynolds numbers, an indication of partially
laminar boundary layers. The values of the friction drag coefficients
apparently decrease with increases in load and trim; this decrease may
be attributed to the fact that effects of the pressure gradients on
the model favor the extent of the leminar layer in spite of the marked
turbulence induced by the intersection with the water surface, It
should be noted, however, that at the lower Reynolds numbers the fric-
tion forces are generally small and the accuracy of determination of
the friction drag coefficient is greatly decreased. For example, at
a trim of 129, the derived friction forces were generally less than

0.4 pound at Reynolds numbers below 1 X 106 and less than 0.2 pound at
Reynolds numbers below 0.5 X 106.

For the full-scale planing surface, calculation of the drag directly
by equation (1) with the skin-friction drag coefficient for fully turbu-
lent flow at the appropriate Reynolds number seems preferable. This pro-
cedure involves only the use of wetted-length and wetted-area data from
the tank tests and is independent of the small-scale drag data. At high
trims (above 120), the friction force can be neglected entirely and the
total drag taken as equal to the induced drag or A tan T.
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CONCLUDING REMARKS

The results obtained from an experimental investigation of a planing .
surface having an angle of dead rise of 20° and horizontal chine flare
indicate that, during high-speed steady-state planing, the important
planing characteristlics are independent of speed and load for a given
trim and depend only on lift coefficient. The difference between the
chine wetted léngth'and'ﬁéel.wetted'length is constant for a given trim
angle and the variaetion of. this difference with trim is shown to be in
reasonable agreement with theory. The ratio of center-of-pressure loca-
tion forward of the trailing edge to the mean wetted length, for most
practical applications, can be considered a constant equal to 0.67 up
to 180 of trim. This ratio decreases to 0.55 at—30° of trim., Evidence
of pile-up at the keel was present at-all trims and was substantial at
trims above 12°. The drag data show that friction drag at trims of 189
and higher is negligible and that the resistances for those trims mey
be assumed equal to the load times the tangent of the trim angle.

Langley Aeronautical Leboratory,
National Advisory Committee for Aeronautics,
Langley Fileld, Va., July 23, 1952.
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TABLE I

EXPERIMENTAL DATA OBTAINED MOR A PLANING SURFACE HAVING A 200 ANGLE OF DEAD RISE AND HORIZONTAL CHINE FLARE
LANGLEY TANK MODEL 276A
Everage kinematic viscosity = 15,35 X 106 £t2/sec; specific weight of tank water = 63.4 1b/ou fﬂ
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. . . e | 0 o1 . .
R AR AR AR R R R s T A
2 6.39 | 8. 2.73 | 2. 3.75 5.2 | 2.50 | .16 | .0370 +o15! 010 | .oou2
2 6.3% | 19.96 | 2.65 | 1.7 3.73 .g’g 2.37 | 1b =032 13 gg -0038
2 SR | A | 283 4 X 32 1035 | ees | 20267 wolo0 | w012 | -o0
2 6.39 | 21.87 | 2.1 . a9 0 oz | oo
2 2'33 2.3t 20 ‘33 e 33| a3 | +0205 oods | 2 0046
. . i . : . . -l +008 o1 20052
: 18'2% gl:f ?2; u‘35 é’i’% %:gg g R .02215 '°8§ .0036
. . . . . 8 018 .0 +00
2 10.65 | 23.1 .92 3.35 475 | 6.2 | 3.51 | .21 | .039 0183 | 008 %038
2 10.65 | 25.07 | u.s3 | 2:32 | 3061 5.00 | 243 | - | L0338 o1 0 9040
b 85 | 6110 i1 63 | Las | 1.88 3% | .24 027 -0085 | 1035 | 00k7
y '33- 10 TR B R A aee | o4 | OME? 0102 | w038 | .00k
L 2.13 | 7.26 W | 2l 3 | 308 3,72 | 2.01 | .25 | .08i0 0151 | .026 | 0049
y 2.3 | 8.18 | 5 | 7 | a0 | Li7s &8 f i | lom 0107 | .o -0097
¥ 313 | 1o . -2 .72 1255 w20 | o027 20052 | .03 +0070
. 6 6 75 | 4. 5.00 - | 336 | 2027 w025k | w023 | 00
bt 2 2 e | 238 | nd §.25 —ee | - .1027 .02 022 | .
i 222 | .5:82 :9; 2:30 2.96 3:62 | 1.95 { ==« 082 .&1’32 :028 | 0063
W salnl 2 5. 3 | 552 gha | wds |2 52 0311 | s020 | 00
W 2:33 105 1% 2:53 3.00 3.68 | 2.10 | .23 | o810 olgs | 1027 .%;6
y e 13228 | 133 : s | 172 78 | 0 f o :oodh | loby | loo7s
u §:22 | 13:88 | L:28 % 658 7.02 | 4.29 | .48 | 1397 0302 | 020 | 0047
ﬁ 18:62 bin e | 38 | % 0:9% | 383 |08 | o988 0226 | .02 88;?
b | 10:6% | 1685 | 53 [ 287 | 5B | 3| 222 |3 | omk | iR | 0% 19852
Y 10, 20.19 | 1.66 75 | 1. 2.05 81 | . | o525 1082 | 1037 | .008
L 65 | 25.30 | 2012 05 68 | 1.30 o595 | .1 | -0313 10066 | 085 f 0057
Y 19.17 {17.38 4.60 5463 «30 6.98 4.0 . «1270 .0%20 .027 .0051'
v | 19:37 | 2150 | 3:85 | 2230 | 2:96 363 | 2.10 | 23 | coBoo ‘oigo | 1027 | 005k
w1537 | 2500 | 5ob5 | diz0 | 188 | 2.gm f 1ol 061l QUL | 033 | L0059
b 27.69 | 19.70 61 6.63 7.25 7o L.91 ‘Sae . 35 '027 10056
v | 27.6% | 25200 68 | 2.63 | 325 | 388 | 2.3z .0885 :oiez | oa7 | .0
21 | 22.70 o 7% 213 7.75 «38 5036 o1 <03 . .
Y %2.21 gl IR A 5.6 | 6.26 [ %06 | -e= | 123 0277 | w022 | .oou9
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TABLE I = Continued

EXPERIMENTAL DATA OBTAINED FOR A PLANING SURFACE HAVING A 20° ANGLE OF DEAD RISE AND HORIZONTAL CHINE FLARE
LANGLEY TANK MODEL 276A = Continued

= c r 13 i 3
(deg) Al Gy G | k| | | ROV 4 | % | m | |
6 0.85] 6.10 0.1 0.1 0.5 | 1.02 | O. 0,10 {0,0456 |0.0070 |0.0 0.011
6 2.13 6. . 1.8? 2.31 | 2.75 1.8 %2 .115 .ozgo .077 :
6 2.13] 7.20 . W72 1 1.Iv | 1.5% .78 | .1+ | .0820 | .0l46 | .072 | .012
é 2.13] 9.15 .36 22 69 | 1l.15 .18 | .1 Ne 20086 | .0 0125
6 4,26| 9.15 .73 1.% 1.70 | 2.15 —e= | .21 | .101 +01 .060 | .0102
é 5.11| 7.62 .82 . 91 § W35 see | W%} 01761 | L0283 | O .0072
é 10.65| 9.15 2.03 .20 61 | 7.02 | 4.08 | .72 | 2545 | . .0 +0073
é 10.65| 12,90 1. 1.98 | 2.4k | 2.90 | 1.62 | .2 .1280 | .02 052 | .
é 10.65 | 12.90 1.8 1 2.0 2,48 | 2.92 | 1.71 | === | .1280 | .0221 | .0%2 0033
& 10.65] 16,29 1.76 . 28 | 6 .15 { .0802 | .0133 | . +01
é 10,65 | 22.20 2.0 | o . .88 o7 .1 L0433 | .0082 | .09 0186
é 10.65 | 25.00 1.89 | © ol .88 2k | . O3 | . «077 | .0137
6 10.65 | 25.00 2.01 | o 49 .98 «27 | .09 | .03 | .006L | .070 | .0131
6 19.17| 12,4k 3.79 | 6.6% | 7.09 | 7.50 | .74 | .85 | .2k70 | .OMB .035 | .0089
6 19.17 | 12.50 3.81 | 6.60 Zgz 755 | 4,68 | == | .2450 | .0u8 035 | .006
6 19.17 | 1k 3.6h | k.12 . 5,00 | 3.15 | --~ | .1875 | .0396 | .ol | .007
é 19.17 | 1450 3. 4,18 h.g& 5,08 | 3.2k | --« | .1826 | 0356 | .0 0077
6 19.17| 21.72 3.11 ol . 1.42 .73 | .16 | .0812 | .0i32 | .086 | .01k
6 19.17 | 2477 3.01 . = 1.12 o 1 0625 | .00%8 | .088 | .0138
6 19.17 | 25.30 3.1 28 81 | 1l.25 . . 20599 | .0097 | .0 0120
é 36.21 | 17.10 7. 6.62 | 6499 | 7.35 | 483 | -== | .2B80 } .0516 | .035 | .00
6 36.21 | 20.10 6.82 «Q L5 | k.85 | 3.15 | W45 1 «0337 | <0 «0076
6 36.21 | 2020 6.82 | 3.8 4,32 | k.7 3.2 | W47 1775 | . 0kl | .0770
é 36.21 | 23.91 641 | 2,10 | 2.59 | 3. 1.73 § .2 .12 J022L | 049 | .
6 36.21 | 25. .3 .o - 5 | g2 «24 | .1160 | .0202 - aee
6 36.21 | 25,10 .17 | 1.37 | 2.03 248 ]| 143 | .25 | .01 +0196 | .097 .| .0096
6 53.25 | 22. 10.5, «00 z. .88 3.82 61 . 0412 . -0076
6 53.25 | 24,03 | 10.2 10 . 92 | 314 | .50 1 .1842 | .0356 | 0¥l | .00
é 53,25 | 24.19 | 10.35 | %.38 | .78 .18 | 3.27 zg .1822 | .03 .oaa 00
6 53.25 | 24,25 | 10,10 | 3.92 u.gg .80 | 3.21 | . .181 0 o2 | .0079
é 53,251 24,77 | 10. 3.0 | b, 4,90 | 3.0 M7 1 .17 032 . <0075
é .25 | 2%.92 | 10. 3.55 | 3.99 | b2 | 2.8 t& 21715 | .0323 | .03 | .0081
é 53.25 21+.gg s 2.57 3.99 | W40 | 2,72 | . -1710 | .0321 | O3 0080
é «29 | 23, 14,06 90 | 7.33 | 7.75 | .90 | . «2470 | .0 0 +0067
6 «29 | 25.01 | 106 | 5.98 6'23 6.72 | . . 2245 | . .035 | .007L
12 85| 3.60 .19 -2 . .88 —=- | .1l | .13) <029 .19 -Oal
12 -85 3.69 .19 . & 73 «2b | W12 | .1248 ] .02 . +Ou81
12 85 b .22 +25 . «63 . . .083 | .0216 | .190 | .oM91
12 851 4,58 .26 -e= -e -—- el 0 2 I 11 | .0248 e -
12 W85 | L.k 20 .18 o3 . e B 0790 | .0186 | .21 0517
12 2.13| 3.09 A48 | 3.13 [ 3.36 | 359 eee | === | .k580 | .1033 | .1 0307
12 2. 3.29 .53 | 2.95 | 3.1+ | 3.32 ase | 466 | .39 . A .12 .0312
12 2.13| 3. 50 | 2.85 | 3.0 | 3.22 | 2.00 | -== | .3770 | . g .12 0291
12 2.13| &.06 .55 | 1.82 | 2.01 | 2.20 =~ | 38 |. <066 .128 | .0332
12 2,13 | .2 . .62 | 1.81 -} 2.00 .- | .37 | .2420 | .0561 | .133 | .0310
12 2.13] 4.2 . l.k2 | 161 | 1. 90 | eee [ .2 .0526 | .1k5 | .0327
12 2.131 W . - .== —ee - | W24 | .20 -0515 - -==
12 2.13 h.ga Eg <90 | 1.06 | 1.22 --- 1 .22 {.19I0 | .OB65 | .280 3
12 2,13 | 4.85° . .82 1 1.01 | 1.20 A5 | e-= ] 1810 | L0391 | 179 .0387
12 2.13| 9.79 . .38 .56 i es= | ee= | 1270 | .02 .227 | .0H89
12 2.13| 5.89 46 35 o5 .72 e30 | == | .1228 | .0265 | .227 | .Ou90
12 2.131 5.95 48 . <59 .82 57 | == 1203 | .0272 | . 0459
12 2,13 | 5.95 ol . +56 .7 230 | .12 }.1203 | .0260 | .215 | -OGs
12 2,131 7.20 A7 Jd2 3 .50 21 | =-- }.0822 | .0181 | .265 | .038
12 2,13 7.26 .52 .12 o3l «95 --- | .08 | .0808 } .019 .237 | .0
12 2.13 | 9.15 .56 .25 . el el B .10 .203 | .OBl3
12 4,26 | 6.10 1.00 - ——— --- ~== | 430 | .2285 .ggga - -
12 6.391 6.10 1.49 = -—- -—- e=e | oF «3430 . o .
12 6.39 | 8.9% 145 .52 .7 «93 57 ] o1 600 | .0363 | .219 | .04
12 6.35 110,06 1.4 . 8. 75 27 | .12 | .2265 | .02 .226 | .O49
12 6.39 110,12 1. .25 59 .72 27 | 12 | .12 .0282 | .255 | .0575
12 6439 |12.38 1. .12 .3 . .12 | .08 |.0832 | .01 269
12 6.3 | 12.50 1. .10 o3 .56 12 | .10 | .0816 |} .0190 «240 | .0559
12 6.39 | 12, 1.hk .15 .33 .62 <30 | ~e- ] .0826 | .OLEk | 0209 | .
12 10.865 | 7.62 2,49 | 2.75 | 2.91 | 3.08 w—e ] .62 | +3666 | . 126 | .0295
12 10.651 9.09 246 | .50 | 1.69 ] 1. 1.2 | .35 | .2 20536 | .15 «0352
12 10,651 9415 2. 1.50 | 1.69 | 1.88 | 1.38 | . .2 0 A0 149
12 10. 9 2u7 1150 | 1.69 | 1.88 | 1.1 | o34+ | .2310 .ozﬁzi - 0345
12 10.65 | 10.77 2,45 .68 | 1. 1.25 69 | .2 .1833 | . .089 | .020
12 10.65 %2.17 gu; .gg .96 | 1.1 -3 :]L.g -1270 .g;l{ ﬁ -0308
2 10. . . . . . . . . . . .
12 10. 3 16.32 2.k2 .08 .2 A5 . .0 «0 .0182 | . 40700
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TABLE I = Continued

EXPERIMENTAL DATA OBTAINED FOR A PLANING SURFACE HAVING A 20° ANGLE OF DBAD RISE AND HORIZONTAL CHINE FLARE
LANGLEY TANK MODEL 276A = Continued

® C c c i |3 3 3

(deg) a v R "1? 'f 'Bk 'BE ~€' Cry, Coy Crg Cpg
12 10.6 21.75 | 2.4 0.19 | 0. 0.21 0,07 |0.,0450 | 0,010% j0.237 |0.0
13 19:37 | .81 808 | 5o bzt u.ég 327 | o99 | oo | %izes |°:337 |%:9548
12 19.17 9.55 “‘?8 3.h42 3.63 3.83 2,60 <76 JGr2ik 099 11 .02
12 19.17 9-32 b, 3.35 3455 3475 2.43 e 4060 .ogs J11% | 0268
12 19,17 | 10. Bh7 | 2.50 | 2.70 2,90 | 2.01 «57 .3512 .0819 .130 | .030
12 19.17 10.{} k.zg 2. 2.56 2.gs 1.87 +53 »3320 .0780 13 | .0
12 19.17 | 12. Y, 1.b5 1.23 1.85 | 1.20 - 2672 .0568 «150 | .0
12 19.17 | 12.51 L4z | 1, 1. 1,80 1. .33 « 2450 .ozn 185 | .0362
12 19.17 | 1458 | 4. g 99 | 1.5 . .22 o1 . . .0%30
12 19.17 | 1%.58 | 4.20 80 | 1.00 | 1.20 . .21 1 .0395 ol .0
12 19.17 | 17.08 | %.39 L2 .62 .82 2% o1k A6 0301 «212 | o

12 19.17 | 17.26 | 4.32 142 <66 .90 .39 .12 «1290 <0291 #2196 | .OLLL
12 19,17 117, 4,2 . . 63 g 3 5 1270 .0282 .215 | o478
12 19.17 | 17. 4,2 45 . .82 . ——- .1 .0278 .19 0435
12 19.17 | 17.60 | .28 . .58 .75 .36 -—- o1 «0276 21 0 “Z
12 19,17 | 24.86 | 4.28 | o .3 .63 .21 .10 .0621 0139 .201 | .0 z
12 27.69 | 13.82 6.&8 1.92 2.11 2.30 1. . 2900 06 137 | <0
12 27.69 | 18.78 | 6. .92 1.10 | 1.28 . 24 «1968 +O45’ a9 | . 1&
12 27.69 .77 oLk .1 36 .55 . - .0502 0210 251 | .0
12 21 | 11.99 8.53 4,68 4,85 3.03 3.22 99 .ano .118 <104 | .o2ul
12 6e21 12'82 8.80 | We22 | Ui «60 2.95 oe- 5750 «115¢ .108 | .0262
12 21 112, 8.7 3.75 3. 412 2466 e k3 1040 <110 | 0264
12 «21 | 14,98 | 8,2 2.40 | 2.59 g 8 | 1.7% «53 «3230 .0738 125 | .028%
12 36.21 | 15.10 | B.42 | 2.45 | 2.6% .83 1.go - 3175 .07 «120 | .0279
12 36.21 | 15.19 o 2.3 2.48 2.6 1.82 55 + 3140 0745 .22 o

12 36,21 | 24.86 | 8.19 .30 N o7 . .5 .11 .0265 .21 .0li91
12 53.25 | 14.58 | 12.87 | 4.95 | 5.1 s.gz 3. 1.0 .zozo .1211 098 | .02
12 53,25 | 16.04 | 12.9 3.50 3.69 3.58 2. . Jr1h0 .1010 112 | .02
12 53.25 | 16.17 | 12.9 3,35 | 3. 3.68 2.38 «69 4068 .0992 <216 | .0282
12 53425 | 16.17 | 12.74 3. 3.69 3.88 2.52 .80 4068 097 .110 | .026
12 53.25 18'38 12.33 2.&2 2. 2, 1.78 o5 .3180 .07 127 | 029
12 53.25 12,53 | 1.%5 | 1.64 | 1.82 [ 1.15 . « 2464 OE .l oe
12 53,25 124,10 | 12.52 .85 | 1.01 1.12 . .20 .18 . 182 | 0626
12 53,25 58 | 12451 « 70 89 | 1.08 .62 .16 W17 oui3 «198 | 0464
12 53.25 2u.7g 12,27 48 .69 +90 .61 17 K1 ~ouoi .2 .0581
12 70,29 | 16.68 | 17.24+ | 4.88 5.06 5.2 3ol 1. . ol «100 | 024
12 70. 18.61 | 16.87 3.60 3.79 3.9 2, .78 5060 .0975 2107 | .02
12 70029 | 20.80 | 16.99 2.28 | 2.45 | 2.62 1.79 L8 gz .0785 .13 «0320
12 70429 | 20.91 | 16.70 z.eg 2.} 2.68 1.75 6 .3216 0765 ol 0307
12 70.29 | 23.79 | 16.46 1. 1.6 1.80 | 1.1 .3 . .0581 151 | .0355
12 0.29 | 2lk.92 | 16.41 1.30 1. 1.65 .9 .2 .22 .05 . .0
12 7.33 | 20.68 | 21, 3042 3. 3.72 2.50 .72 uogg «059 .11k | .02
12 87.33 23.!+g 21,12 2.32 2,52 2,70 | 1.72 52 .3170 .07 .126 | 0305
12 87.23 | 25. 21.19 1.88 2. 2,20 | 143 RAY 2755 . Zo 135 | 0329
18 .85 3. . 25 . &8 = . 2270 . «352 | 1240
18 .85 E.6 32 .20 ) 52 .39 .—- «1250 0u80 . 13
18 85 . «30 +10 .21 ez - .01 .0811 .0286 «376 | .13%0
18 85 | Wbk .;o .05 24 A2 cee - .0792 0279 «330 | .1160
18 2,13 | 2.90 73 | 2.05 2.2 2.32 -—- - «5070 a7 .232 | .0p
18 2.13 | 2.90 . 2.12 2. 2,35 | 1.36 .66 «5070 N1 . .0750
18 2.13 3.2 73 | 1.60 | 1.71 1.82 . .50 1100 .1392 2&9 L0815
18 2.13 . . Lok 1.56 1.68 . -—- .3780 1257 .22 | .0805%
18 2.13 +06 o .8 .gg 1.10 . -—- «2580 .0 «260 | 0910
18 2,13 | L.a5 .72 75 . .98 . 2N 2078 0832 .288 | .09
18 2.13 | .21 .72 . .81 92 A1 . «2408 +0i .298 | .0598
18 2.13 | 4.82 .73 48 59 . a2 - .1836 +06 .31 | .1075
1g 2.13 t.gg .;g . % 62 o2 .15 igig .8% +356 %fgg
1 2.1 L] - - L) - . - - - - -

18 2.1% 5.82 67 .18 .29 . o= .13 .1260 039 E?E 1362
18 2,13 7.38 .72 .11 22 .57 - 0785 0265 . 2410
18 6.39 5e 2.19. | 2.12 2.22 2.32 1.50 eee | J49UO .1690 .222 | 0761
18 6439 buil | 2.1 % L | 1.55 . P §090 o1 N <0724
18 «39 8.48 | 2.19 . .52 .65 . = | 1772 0610 o341 | L1172
18 6.39 | 9.9% | 2.17 .18 t 5 A9 Og «129% <Ol 1 o1 2;
18 6.39 | 10.37 | 2.13 «20 . 42 = . 1150 .0395 .;E .123
18 6. 12, 2.11 [+] 1 .22 ——- .05 .0816 <02 3| .

18 10.85 | 6.67 | 3.63 | 2.20 | 2.3 252 | 1.59 .- +5100 37 ~221 | .0751
18 10.65 | 8.17 | 3.55 | 1.10 | .25 | 1. .zg .- «3200 «108Y gzg .

13 10.25 9.32 3. gg 773 +89 .% g:; +«2460 -0808 %12%
18 10:62 123 3 a1 .29 9 .01 16 | 1266 | .omis 532 ‘1429
18 10.65 | 16.23 i .10 .21 .32 .05 .10 20812 0270 .387 | .1287
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TABLE I - Continued

EXPERIMENTAL DATA OBTAINED FOR A PLANING SURFACE HAVING A 20° ANGLE OF DEAD RISE AND HORIZONTAL CHINE FLARE
LANGLEY TANK MODEL 276A ~ Continued

* c ¢ c ! ! L l c c ¢ ¢
(deg) a v R 'y + + ® + Ly Dy Lg Dg
18 19.17 | 8469 | 6.9 | 2.25 | 2.3 | 2.48 | 1.50 | 0.67 |o.5100 | 0.1736 | 0.216 {0.0735
18 19.17| 9.76| 6.52 | 1.50 | 1.7 | 1-82 | 1389 : 6032 | 137 | o236 | 0802
18 19.17| 10.77| 643 | 108 | 1.15 | 1130 3 s3 | .33io | .vios | 278 | soem
18 19.17 | 12:35| 6.37 .70 .81 32 . 222 | .2520 | o833 | .31 [ 110%
18 19.17 | 12.80| 6.36 22 | 1oz | 170 156 <= | 2420 | 0793 | 200 | .0é%%
18 15.17 | 1he 6.32 i i 6 237 b | otshs | C T2 | 11135
18 17| 168k} 6.3 25 1% ot 1% o] 13m0 | 375 | 1230
18 17| 1. |6 a 130 L5 3 1| s3378 | Loue2 628 | T30
18 13.17 § 21.84 0 6.3 1 22 a3 05 | o 02 730 | 2430
18 2769 10,52 | 9.33 | 2.20 | 2032 | 20hs | 1162 w= | 5000 | 16 .21 | ‘o724
18 27.69 | 12:20| 4.3 1.38 : 1.8 | 111 === | 2% | 1250 | 227 | loshL
18 27:69 | 13.18| 930 | 1.io | 1.2 1. 36 - | 3280 | ‘107 3 0866
18 27.68 | 13.72] 4.2 92 | 1iow | 15 &y .29 | 39w | 1096 2283 | lo9m
18 27:69 | 13.73] 9.1k 92 | 1.0y | 13 66 226 | 23930 | 0970 | 1282 | 10933
18 27.65 | 1878 ] 910 5 . . 37 Ly | gz | codly | i3%2 | 1138
18 27.69 | 24%.92 9.2 . 22 . o11 . 089 «02 408 .1%2
18 36021 | 11277 | 1323 2i25 | 2.3 | 2f 1.5 67 | 5250 | lizey | lo22 | :

18 36.21 | 1790 | 12022 | 2023 | 2.3 | 2045 | 105 65 | a 1725 | 39 | 20739
18 36.21 | 13.27 | 12.0 1.60 | 1. | 1082 | 1id . R7Y 21370 | 2k | ofdi
18 %.21 169 | 122 | 1.z | 1:2% | 1033 78 o | he | gt | c2e2 | toser
3 w21 | 17l . : : . . ] . . .

18 36,21 | 20-35 | 11l89 ' R 152 T g2 | o178y | loseo | lG3o | inud
18 36.21 | 24.28 | 12,11 20 3 50 Sy o8 | 12 (Ohl2 | I35 | .17
18 36.21 | 24.95 | 12.00 05 . .28 15 08 | 1182 | 0387 | 736 | i2u20
18 53.25 | 14.33 | 18203 | 2:25 | 2. 2.8 | 1187 68 | 5185 | 11750 | 1220 | so7ke2
18 1 3327 | 1wE3 | Ipiel | 2223 | 2 248 | 1.57 .| i5100 | a7is | 218 | so727
18 53.25 | 15.98 | 16.06 | 1. 1.72 | 1.85 | 1.8 48 | hige | wiis | zu3 | lofl2
18 53.25 | 16.26 | 17.75 | 150 | 1.61 | 1.72 | 1.08 we- | wol3 | 1345 | 2250 | i0835
18 53.25 | 1814 | 17:50 | 1262 | 111 | 1.20 . .30 | s3220 | 18 281 | .

18 53.25 | 18.21 | 17. 1030 | 13 | 1232 | 1363 == | 3200 | 10 -2 ~0870
18 53,25 | 21.01 | 17.68 75 : 38 55 18 | 12hos | losde | 2 10930
T 53.25 | 24718 | 170w 50 61 272 a2 3k | 1820 | los9 1299 | l059y
18 53.25 | 24.81 | 17. . . 62 33 05 | 721 | 057 3 1133
18 #3:25 | 2516 | 17041 . . €0 235 213 | 1686 | o o3 112
18 70.29 | 16:76 | 23. 2.0 2.16 | 2028 | 1.5 . 25000 | 11693 | 22 [o78s
18 70.29 | 1825 | 23. 1. 1. 180 | 1% . Gazs | otwkdp | lah7 | s0835
18 70.29 | 20.92 | 23.27 | 1.d0 | 1021 | 1%22 79 230 | 23205 | 1088 | .296 | .09di
18 70.2% | 23.72 | 23.2 78 85 | 1.00 . 32 | 2boy | Lome7 | 280 | lod30
18 70.29 | 23:94 | 23.3 . ] .92 52 s | o o812 | .310 | .103
18 229 | 25.00 | 23.1% .53 . .75 57 ST 0 3 1157
18 . 27:01 | 23. I S I | 9 [ 2238 | lopse | .37 | 3

8 . 18, 55. . . . : Pk ¢ . . .

18 85:33 | 1a: 29.30 | 2. 2.19 | 2.30 | 1.9 60 | Gooo | ‘1650 | 22 | o753
AR A I A
18 N Rl B | R | | B 7 .33 | i | aogs | ca8f | lods
18 7:33 | 25.33 | 291 .7 85 | 1.00 6 . 3750 | - 2305 | -1d2
2 B3 | T3 ‘% 117 -2 -3 i1 108 | Jiz70 | ones | l9o | 2180
N 233 +30 5 1.07 | 1:16 | 1.2 o D1 s | a3 2% | 1560
24 2:13 .88 9 130 o8 . a1 ;12 | 7o | topa | 1571 | o268

2 23| 235 e 02 e 22 3 99| 9423 | 938 | 285 | 3%
N o35 | 883 &% | wms | 1225 | 126 57 272 | dEi00 | Zmo [lssd | o
24 15717 | 9:8k | 867 | 1e02 | 1:i6 | 1.8 72 9. ;188 | 1390 | 1608
2 19.17 | 12.38 | 8.65 u7 . 62 .28 g5l aiso | 20
24 13.37 | 12:50 | 8.5% . 5% 65 3 oo | cas%e | 1 s | 190
N 237 i?'%«; 3'2]5‘ t1 3 15 3 a 153?5 0572 | 572 | J2u90
2 . . . . . . s . . : . .
2y 2l | 11065 | 16120 | 1 143 | 1250 9 2 | igoer | 2350 | 1353 | iisio
24 36.21 | 15. 16.10 R o7 «86 47 «32 | 3200 -1y26 . .19
3y 3:21 | 1714 | 16:23 50 °57 66 29 23 | 2 A0 [ 33 | i1e30
2 221 | 19.38 | 16. 130 39 L3 22 12 | lex0 | o8 | (g8 | .2670
2 36.21 | 20.07 | 15.8% .30 3% N2 127 “- | g | e 5% |
2 36.21 | 22.05 | 15. 152 1 i voh == | o2 10648 | 8o | L2080
2 36.21 | 24.89 | 15.79 a 23 3 09 | 170 | 508 | .22
2 53.25 | 1.b9 | 2h.05 | 1.b1 | 1. 1.55 .97 - | 23100 | 229 3k |1
o 53.25 | 18.30 | 23.92 : 82 50 : -3 | su80 | 3 +38 | J17ho

i 322 | o8 2332' A % 2 137 A J1110 | -#43 | .1980
A 352 | 2307 | 3.5 %0 *%o 150 3 212 | 1690 | .0753 | .22 | .1880




EXPERIMENTAL DATA OBTAINED FOR A PLANING SURFACE HAVING A 20° ANGLE OF DEAD RISE AND HORIZONTAL CHINE FLARE

TABLE I - Concluded

LANGLEY TANK MODEL 276A - Concluded

L C C C 4 i 4 lp a

(aeg) A v R I 2| 2| 5|2 [ 2 %% | % | % | O
2 70. 16,78 M0 1.h2 1.51 1.59 0.9% 0,5% }o0. 0.22 0.3 0.1477
2 70.53 18,5% %.36 1.03 1.12 1.1 73 .25 .zggg .I.BIEP} .3& +1620
30 .85 E.?ll- 52 .15 21 .2 o35 .09 | .121% L0743 «570 3490
30 .85 «61 .52 .02 .09 .15 .07 .09 | .0800 ouez . ——
p -85 l"-@" .52 -10 015 .2’0 habeind - 00?90 - - 2? -3230
0 2.13 l2.29 1.24 «8% .92 +97 »72 « 3 ] 3930 «2290 427 «2

30 2,13 «85 1.25 .32 «39 A5 «27 .12 ] .1810 +1064 . 2

m 2.13 ?029 1.32 -08 ilh’ 020 01? - I08°2 .0'-&98 .572 .3550
30 10,65 | 9.33 | 6.23 .39 45 .50 .32 22 | 2450 | 433 | . 3190
30 10065 16.32 6.15 005 -1"" -23 o - - 00798 - 1 0583 03370
30 10.65 18.36 6.1? (o] 508 015 .% hadtnd 10632 003!66 hathaded -
30 19,17 8.75 | 11.11 1.15 1.22 1,27 67 5 + 5000 «2770 411 .22£
30 19.17 { 12. 11.1% 48 54 «60 «23 .1 2470 ol 160 26

30 19.17 12."""" 10'99 .‘1‘0 cl+6 .52 .‘0‘0 - .2"" 0 .1""20 .539 cm
30 1917 | 17.58 | 11.10 .11 «20 +29 - 08 | 0719 | .621 | .3590
30 19.17 | 21.96 | 10.8% .12 .18 +22 Ol 05 | 0796 | 0450 | 432 | .2500
30 1901? 25.01 11.‘*’1‘ 0 005 .10 - -06 10612 10366 -na bt
30 36.21 | 11.96 | 20.98 1.11 1.16 1.21 72 A3 .E(9)60 «2930 36 «2520
30 36021 12.0 20.91 1-12 1.19 1.25 -71 - - 80 ) . ?o o‘+19 -2510
30 36021 1""-9 20. .55 .68 n?l bl - .3250 01878 c?s -2980
30 36021 15.25 20. 5 c62 -6 .?2 -39 - 03110 -1766 . 57 .2600
30 36-21 16.1.’1" 20. 1 ol+6 050 -53 -3) - .2680 019"2 -zg? .30%
3) 32-3 %6.53 ggo% .50 o% 060 ozyé - - -%681":‘2} -;..:;873 . 91 -2m
% | o | %5 | 3 33 33 16 % | 3% | 865 238 | 138
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TABLE II

19

SUPPLEMENTARY EXPERIMENTAL DATA OBTAINED AT LOW SPEEDS FOR LANGLEY TARK MODEL 276A

Everage kinematic viscosity = 15.35 xlO'6 ft.z/soc; specific weight of tank water = 63.4 1b/cu r{l

T C [o] c 12 ] 13 13
(deg) a v R + + + < £ % Coy Crg ‘g
2 0.85 3.09 0.27 ——e e —— ——- 0.28 | 0.1820 |0.0982 - -
2 .85 3.66 «30 e - cna cm- . «l2 . . [T
2 «85 3.66 o2k 4,87 6.25 7462 3.06 ~eel ,1270 +0358 «020 | 0057
2 «85 E.6g »23 12 «50 7.88 Z.Zg 26 .1l «0338 019 «0052
2 85 .5 2 12 5450 6.88 2. 24| L0808 0257 015 | ,00u7
2 «85 4,58 2 Le12 5450 6.88 2.9% ~e=| o08 +0270 .015 | 0049
2 .85 4.58 «35 L4.75 6412 7.50 - 25| .0808 .O3g‘+ 013 | «00
2 85 b, 64 3 4,60 596 7.30 l.11 -e=} 40790 .0288 «013 | <0
2 <85 .18 3% aan —— —— ——— ——— «0635 +025% -—— ——
2 85 .18 .’? -—- .. ane —— eee| 063 .0238 -——- ane
2 «85 6,10 &3 3.00 h.go 560 174 ~ee| .04 .025% <010 0054
2 85 | 6.1 «35 | 2.2 3.63 5.00 2,52 == 0450 .01 .012 | .0051
2 «£5 6.2 «37 2.3 E"? 5.12 3427 «20 «0430 .0188 +011 . EO
2 «85 6okl .?a 3.00 o3 5.75 ——- .19 L0415 .0210 009 .
2 1l.49 6.71 . — - .= —— 29 ] +0663 .0328 - ——
2 1.49 g.32 78 512 64k 75 Py «27 | +0557 0290 .%g -w
2 2.13 54 1.1 575 7.00 25 . «30 +058% <0310 . .
2 2.13 9.15 1.1 5.25 6.6 8.12 -ea .28 0509 .0308 +008 +<00U6
t .g; g.gg .% 3425 3.8 +450 2419 .gg .iggg .8%911- 033 | .0050
L «85 «96 22 3.00 3.62 4,2 ——- «28 1 .1079 .ozglf «0% .0078
L «£5 .27 17 2.68 3.32 3. o= 26 .8832 .0186 .028 +0056
4 «85 k.60 .11 2.15 2.78 3. 1.38 22| .0806 «010% «029 .OOEZ
i 2.13 4,60 19 1.97 2.58 3.18 33 -~e | 0806 .0180 +030 «00
% 2.13 4,2 «39 ——— onn P, cnw <50 «2340 0427 ——- -
4 2,13 Le o3 ~—n -—— -—— et 49 «2030 033 -—— ane
L 2.13 L.82 o3 5438 5.9% 6.62 3.39 42 .1835 +029 031 00U
L 2.13 4.88 .Eg ——- ——- ——- ——— L5 1790 0252 —— ——
L 2413 Talsg o ——- .ae e —— 42 «1410 .0318 —— ——
L 2.1 6,16 46 3.35 4,00 .65 1.80 H61 L1120 <0212 .028 | 0060
4 2.9 5.18 <61 —— ena —— PR, 55 2230 056 PR, e
L 2.98 5.18 RIS —— ——— [, —— «53 .22 .0358 ——— -——
1N 2.98 5elt9 61 6.15 6.82 7.50 -==1 .1988 029 | .0059
Yy 2.98 g.49 «52 .- . ——- -ae| L1988 20345 - coe
L 2.98 6.10 .gé - - - 49 .1600 +0300 ——— -
L 2,88 6.10 «61 P, e eca can +1600 +0328 ~na -
6 85 2.04% 17 o= ——— . 39 1080 +0837 —— ——
6 .85 2.68 .17 cnn —— ~en .3 «2370 076 e ~—-
6 85 3.09 .20 2.42 2.86 3.30 .3 1830 ~O421 06k | 0247
6 «85 12.66 12 2.10 2.31 2.38 «30 «1270 «0179 051 «00
6 «85 «58 12 <98 1.l 1.85 .18 +0810 #0134 +058 0081
[ 2.13 3.09 <61 o= - cn= <66 L4580 1310 ——— -
6 2.1 E.éé «39 5.88 6.30 6.72 .Ell» 3180 .0581 «050 | 0092
6 2.1 o27 .EH 3.50 «95 4,40 A2 2340 <0374 «O .0095
6 2.1 L8 oly2 2.78 o2l 3.65 J1] L1810 .0257 «056 «0111
2 2.98 a.ga .tg 6425 65 7.05 .?7. .2811-‘4»’-&01’8 .01*27% 2067 | 0100
2 . o eae ——e ——e . . . —— -——e
6 2.38 6.10 5 2.72 3.15 «58 .88 «1600 0241 .gz.l +0077
6 L4.26 4427 75 725 765 05 . 4680 «082% 061 +0107
é 4,26 | 6.10 <76 -z - — 23 w2285 | .0LOB — —
6 .11 64,10 .82 -——- —— ——n 69| 2740 .OL}0 - -
12 -85 1.83 22 ——- - ——- 49 «5070 <1310 e e
12 85 3.02 26 PR e e «l9 1830 0559 c—e .an
12 2.13 | 2. .18 “a- ——- - .82 .9300 +2100 - ===
12 2.1 2,84 .gg 3.50 3469 3.88 76 «5290 +1290 143 | .0350
12 o2 2.7 . ——- ——- -— 1.09 | 1.13 «2290 ——e een
Lol 8B 3k |10 | em |67 | s 1257|1350 |58 | .35 | .0%3
12 R | 2B | Twe | w55 | wio RegE | Tz | Moo tied | vz | i1zs | to%2
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Figure 2.- Cross section of model.
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Figure 8.- Load-speed schedule for test program.
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Figure 17.- Variation of d/b with Cr, &t low speeds. (See table II.)
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